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• The PRZM model - inputs and results
• A few concluding remarks



Why we did this project...

• State Pesticide Management Plans must 
have a Vulnerability Assessment.

• On passage of the final rule, atrazine, 
simizine, alachlor, and metolachlor would 
be banned, unless a state had an EPA 
approved State Pesticide Management Plan.



Purpose of the Project

Evaluate the feasibility of using 
PRZM to help delineate areas 
regionally that are sensitive to risk of 
pesticide migration to groundwater.







Next:  A peek at the regional 
geologic processes that affect 
the Columbia Basin Irrigation 
Project area





A view from space. Channels cut by 
glacial floodwaters into the pre-
existing loess (wind-blown deposits) 
created the dark patterns.  Note the 
huge scale of the features caused by 
the floodwaters.

Approx. outline of 
Columbia Basin Irrigation 
Project area



A profile of the Columbia Plateau flood 
basalts, east side of the Columbia River, 
north of Trinidad.  The flood basalts 
underlie the entire Columbia Plateau. 
Shallow groundwater occurs in sediments 
deposited on top of the basalt.



Looking south across the 
Columbia River at West Bar, a 
sand bar deposited by the glacial 
Lake Missoula floodwaters.  The 
sand ripples are more than 100 feet 
across.  The black arrow points to 
the top of the crest of one of these 
sand ripples.



More glacial floodwaters 
sand deposits, near 
Trinidad, on the east side 
of the Columbia River.



Close-up of glacial floodwaters 
sand deposits, near Trinidad, on 
the east side of the Columbia 
River. 



Gravel and cobbles deposited by 
the glacial floodwaters, north side 
of Moses Lake.



Gravel mine near previous photo, 
north side of Moses Lake.



Channeled Scabland south of 
Othello.  The ground was denuded 
down to the basalt by the 
powerful glacial floodwaters.





Next: What goes in and what 
comes out of the PRZM model



Pesticide Root Zone Model

Vadose Zone
Usually when you hear the term 
“Vadose Zone” it refers to the 
entire subsurface between the 
top of the ground to the top of 
the water table.



The PRZM model divides 
the subsurface into the top 
soil profile, and the vadose 
zone below the soil profile.  

Compartments

Pesticide Root Zone Model

The entire depth is divided 
into compartments so the 
model can track calculations 
and results with depth.



Pesticide Root Zone Model

The “PRZM” part of  the PRZM model is applied to the root zone and can be applied further to the soil 
below the root zone.

The “VADOFT” part of the PRZM model is applied to the vadose zone below the soil profile.  

Another model, such as AT123D would need to be applied to the ground water zone itself.

PRZM

VADOFT

AT123D



PRZM Model Inputs
• Meteorological
• Irrigation
• Soil
• Crop
• Pesticide

The PRZM Model takes inputs like daily rainfall, evapotranspiration, 
temperature, irrigation, soil properties, crop characteristics, and pesticide 
chemical properties into account and tracks how much pesticide and how 
much water travels down through the compartments on a daily basis.  The 
run period we used was ten-years. 



PRZM Model Outputs

The amount of pesticide and the amount of 
water at any given time, at any depth of 
interest in the soil profile.  Remember that 
this only represents the hypothetical 
amount given the model inputs!  

Time Series Example
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One Way to Compare Soil Types
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a These bars represent the amount of atrazine that 

reached a certain point in the soil profile after a 
ten-year period according to the model.  Using this 
cumulative number helps us compare the relative 
susceptibility of soil types to pesticide migration 
through the soil profile.



Run Model 250 Times
Vary Field Capacity and Organic Matter
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This is a curve connecting the results of 
running the model for the ten-year time 
period 250 times and adding up all the 
atrazine that was calculated to pass out 
the bottom of the soil core during that 
time.  There is a ninety percent chance 
that this number will equal or exceed 2.7.



Run Model 250 Times
Vary Field Capacity and Organic Matter
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Increased 
Application 
Rate

If you increase the amount of 
atrazine applied each year, the 
curve moves over to the right.



Run Model 250 Times
Vary Field Capacity and Organic Matter
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Increased 
Depth to 
Water

If you increase the distance to 
the bottom of the soil profile, 
more atrazine is attenuated, 
and the curve moves over to 
the left.



Next: Applying the PRZM model 
results to a map using GIS



This map shows the model’s 
calculation of  the amount of 
atrazine that theoretically could 
travel through the various kinds of 
soils in ten years.  It assumes the 
same amount of rainfall over the 
entire area, that the ground was all 
irrigated, and that atrazine was 
applied at the same rate at the same 
time everywhere.  It keeps these 
things constant so you can see how 
the soils differ from each other 
based on just the soil properties.

The inputs are heavily based on the 
soil properties from the NRCS 
county soil survey, so the map 
reflects soil property patterns in the 
landscape, as you will see in a 
subsequent slide.

Remember!  Maps from models are 
not the ground, contain numerous 
estimates, and must be viewed with 
a vigorous respect for uncertainty.



This map was produced the 
same way as the previous 
map, except that the rainfall 
was adjusted locally, and 
irrigation was turned “off” 
outside of irrigated areas.  
This area is so arid that the 
results were in the lowest 
category whenever irrigation 
was turned “off” for the 
model run.





Next: The soil characteristics from the soil 
survey for Franklin County are shown 
alongside the PRZM modeling results.  
You can see the similarity of patterns in 
the landscape.





Next: What about the vadose zone?



Up to now, we have been talking about the soil that 
extends down to about five feet or so.  This is 
important because the soil is where the pesticide 
enters the ground, and where much of the natural 
processes take place that either degrade the pesticide 
or drive it through the soil.  



PRZM defines the vadose zone as the portion of the 
subsurface that is below the soil horizons and above 
the water table.  The layers that make up the vadose 
zone were deposited at various times in various ways, 
so that it is very difficult to actually come up with a 
map of the vadose zone (in contrast to the soil survey 
which comes with both a map and a database).  The 
best we can do is to look at the surficial geology and 
some well logs, along with knowledge about how 
geologic systems work, to estimate very roughly what 
might be below the soil horizons and above the water 
table.



Since trying to analyze the vadose zone for such a 
large area is beyond the resources available to this 
project, two trial sites were selected to run the model 
and explore how the vadose zone might figure into the 
big picture.  To do more, you really would want to 
map the depth to water very well, and you would want 
to both analyze well logs and perhaps even apply 
vadose zone exploration techniques.  It’s a much 
bigger project to go beyond modeling the soil horizon. 









Almost the end… 

• The model results are useful for assessing soil characteristics 
that result in a higher pollution potential.

• The model can be used to run “what-if” scenarios. 

• The model IS NOT the ground.  There is uncertainty in the 
results, because the inputs are measured and estimated. A 
model of a soil profile IS NOT the soil profile.  

• We gain insight and information about the soil profile 
through using the model.



The End... 

• The results do not directly represent groundwater 
vulnerability, but soil vulnerability is an important 
component for ground water vulnerability.  We would need 
better information about the vadose zone and depth to water 
to bring the results closer to a sort of “true” ground water 
vulnerability. 

• The Washington State Department of Agriculture can use the 
project results and the tools that it provides to further assess
the State of Washington with respect to subsurface pollution 
potential from agricultural chemicals.




